Conducting polymer has many applications in electronics, optical devices, sensors, and so on; however, there is still a massive scope of improvement in this area. Therefore, towards this aim, in this study, we synthesized a new thiophene-based conducting polymer, 2-heptadecyl-5-hexyl-6-(5-methylthiophen-2-yl)
Introduction
From many years, conducting polymers have been playing a promising role for the fabrication of biochemical and chemical sensors. To fulfill all the criteria, they should have high electrical conductivity, chemical stability, and electrochemical reversibility [1] [2] [3] [4] [5] . Polythiophene, polypyrrole, and polyaniline have been used as electrocatalysts for sensing biological and organic molecules from many years [1] . Poly(3,4-ethylenedioxythiophene) (PEDOT) has been reported extensively owing to its ability to promote electron transfer reactions and electroanalysis using conducting film. The PEDOTmodified glassy carbon electrodes were used for detecting dopamine and ascorbic acid [6] . The PEDOT-modified electrodes have also been used for determining pesticides [7] . PEDOT-modified screen-printed carbon electrode is also used for the detection of nitrite [8] . Su and Cheng used the PEDOT-modified screen-printed electrode for the determination of cysteine [9] . Conducting polymer modification is a very good technique, but has limitations because of its low sensitivity [10] . Even though the sensitivity can be improved by the addition of nanomaterials such as Pd and gold nanoparticles, it still has some limitations [11] [12] [13] .
Ionic liquids (ILs) are promising materials in the field of chemistry [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . They can be synthesized with various combinations of anion and cation [26] [27] [28] [29] and have a wide range of the potential window, good electrochemical stability, and high ionic conductivity [14, 17] . They can also have the benefits in the variation of various surface properties such as adhesion, wettability, and biocompatibility [30] . IL-based electrodes possess prominent electrochemical properties, for example, carbon paste electrodes are used as pasting binders to detect certain biomolecules [31, 32] .
The progress of polymer composites has a huge impact on the potential industrial applications and fundamental academic researches. Conducting polymer composites have been used for the synthesis of various chemical or biological sensors [33] . However, the interactions between the conducting polymer and IL composite film have not been studied well so far. Therefore, the aims of this study were to develop a new conducting polymer with better physical properties (high thermal stability and better electrochemical properties) and investigate its interaction with ILs to find new possibilities. In this study, we synthesized thiophene-based polymer [2-heptadecyl-5-hexyl-6-(5-methylthiophen-2-yl)-4-(5-((E)-prop-1-enyl)thiophen-2-yl)-5H-pyrrolo [3,4- 
Materials and Methods

Materials.
All the chemicals and reagents required for the synthesis of the polymer and ILs were purchased from Aldrich Chemical Co. (USA).
[Bmim]Br, [Emim]Br, and TBMS were purchased from Sigma-Aldrich. Moreover, all the chemicals and reagents were used without any further purification. The rest of the TEMS was synthesized in the laboratory and analyzed by methods described in the literature [34] . Schematic representation of the polymer synthesis is shown in Figure 1 .
Synthesis of Polymer.
The reaction of stearic thioamide with (4-hydroxymethyl-2-heptadecyl-thiazol-5-yl)-methanol was performed following the reported method [14] .
2.2.1. Synthesis of 4,5-Bis(bromomethyl)-2-heptadecylthiazole. (4-hydroxymethyl-2-heptadecyl-thiazol-5-yl)-methanol (6.45 g, 16.8 mmol) was added in 200 mL of THF, followed by adding pyridine (1.464 g, 18.5 mmol) at 0°C. The reaction mixture was stirred for 5 min, followed by the slow addition of phosphorous tribromide (PBr 3 ) (10 g, 37.0 mmol). The resulting reaction mixture was stirred for 1 h at 0°C and 5 h at RT. The reaction mixture was quenched with ice water at 0°C and extracted with ether, and the combined ether extract was dried over anhydrous MgSO 4 , affording 4,5-bis-bromomethyl-2-heptadecyl-thiazole as a white solid in 97% yield ( 
Synthesis of 4,6-Dibromo
11 mmol) was dissolved in 25 mL anhydrous dichloromethane. To that solution, a solution of Nbromosuccinimide (NBS) (0.398 g, 2.22 mmol) in 10 mL MC was added at −5°C. The reaction mixture was poured in water and extracted with dichloromethane. The organic extract was washed with water, followed by brine, dried over anhydrous MgSO 4 , filtered, and concentrated, affording 4,6-dibromo-2-heptadecyl-5-hexyl-5H-pyrrolo [3,4- ). 
Synthesis of 2-Heptadecyl
33 mmol) was added in 20 mL MC. NBS (0.121 g, 0.68 mmol) was dissolved in 15 mL MC, and the solution was cooled to 10°C. White solid 4,6-bis(5-bromothiophen-2-yl)-2-heptadecyl-5-hexyl-5H-pyrrolo [3,4- 
(0.174 g, 0.22 mmol) was added in toluene (4 mL), followed by adding trans-1,2-bis(tributylstannyl)ethene (0.137 g, 0.22 mmol), Pd 2 (dba) 3 (0.004 g, 0.004 mmol), and p(o-tol) 3 (0.0055 g, 0.0181 mmol) in 2 mL toluene. The resulting reaction mixture was stirred for 5 h. Excess of trans-1,2-bis(tributylstannyl)ethane was added and further stirred for 1 h, followed by adding excess of 2-bromothiophene and stirring for 1 h. 13 C NMR spectra were obtained using a JEOL MSL 300 spectrometer and used to identify the structure of the synthesized compounds. Polystyrene standards in tetrahydrofuran solutions were utilized as the standards for gel permeation chromatography. S-3100 UV-Vis spectrophotometer with the following features was used: wavelength resolution, 0.95 nm; wavelength accuracy, ±0.5 nm; and wavelength reproducibility, ±0.02 nm. FTIR spectra were recorded using a Bomem MB Series MB100 FTIR spectrometer. Electrical conductivity was measured using a standard four-in-line probe apparatus. The thickness of the polymer thin films was measured using an Alpha-Step profilometer. Raman spectra were measured at room temperature using a confocal Raman microscope (WITec, Alpha 300 R) equipped with a 632.8 nm He-Ne laser. In addition, AFM studies were performed using Park systems, model: XE-100 with noncontract measuring mode.
Sample Preparation.
A small amount (0.001 g) of the polymer was dissolved in 4 mL of chloroform. Later, 1, 2, and 5 wt% of ILs were dissolved in this polymer-chloroform mixture at room temperature and this mixture was then vigorously stirred for 1 h at 20°C. Subsequently, the polymer solutions with or without ILs were cast on clean glass plates (150 μm thickness) and then dried under vacuum. These films were used for various spectroscopy studies. Figure 1 . The mechanical and conducting properties of polymer-IL mixtures depend on the miscibility of the polymer in ILs; hence, determining this aspect is very important. Further, molecular interactions between the polymer and ILs were measured by mixing them. UV-Vis spectroscopy may aid in elucidating these interactions. The UV-Vis spectra of the polymer at 20°C shows a peak at~530 nm, reflecting the conjugated π-systems (Figure 2 Br mixtures, whereas for the ammonium ILs TMEAS and TBMS, a similar pattern of the peaks was observed. For polymer + TMEAS, the peaks appear at~423 and~728 nm and hump at~660 nm. However, for the polymer + TBMS mixture, new peaks at 424 and~728 nm and hump at~660 nm appeared. In both the families of ILs, similar peaks and a hump appeared, indicating approximately similar interactions or reaction occurs in the polymer in the presence of ILs. Although, in the presence of ammonium ILs + polymer, the peak and hump at 728 nm and~660 nm, respectively, slightly red shifted as compared to those in imidazolium ILs + polymer mixture. The peaks at~420 nm correspond to the π-π * transitions, and peak at~700 nm resembles either an aggregation state of a conformation or arrangement of the polymer chains that are changing upon the addition of ILs.
Study of Interactions between Conducting Polymer and
ILs by Using FT-IR and Confocal Raman Spectroscopies. FTIR spectroscopy is another important tool for studying the interactions between the polymer and ILs [35] . FTIR spectra of the conducting polymer were recorded with or without ILs, as shown in Figure 3 . Some peak shifts in the FTIR spectra were obtained after the interaction of polymer with the ILs. The FTIR peaks at~2922 and 2851 cm −1 may be due to the alkyl chain of the polymer, and the peaks at~1637 and 1495 cm −1 may originate because of the aromatic -C=C-bond stretching of the polymer. The peak at~1100 cm −1 may be due to the =C-H groups. After the interaction of [Bmim]Br (1 wt%) with the conducting polymer, the peaks are mainly due to the alkyl chain shifts to longer wavelength at~2964 and 2875 cm −1 . Moreover, the peaks due to the -C=C-bond of the polymer shifted to~1601 and 1521 cm −1 . These peak shifts in the composite film of polymer and [Bmim]Br IL (1 wt%) reveal the possible interactions between them. The peak shift for the other [Emim]Br(imidazolium IL) (1 wt%) and polymer is approximately same as that for the [Bmim]Br IL and polymer. The intensity of the C-H (sp 3 ) and aromatic C=C stretching decreased for the polymer-TMEAS (1 wt%) mixtures; however, for other ammonium IL (TBMS) (1 wt%) polymer mixture, the peak shift is more for aromatic C=C stretching. However, no change in peak shift was observed with the increase in IL concentration (data not shown). These shifts occurred because of the interaction of polymer with the ILs. There can be H-bonding between the anions of ILs and polymer, or other interactions such as van der Wall interactions are also possible between the ILs and polymer. To understand more exact interactions between the ILs and the polymer, the study is ongoing and will be reported in the near future.
Another sophisticated technique such as confocal Raman spectroscopy was used to investigate the interactions between the polymer and ILs (1 wt%). The polymer film was not damaged during the confocal Raman spectroscopy, because of its highly selective and sensitive laser. As shown in Figure 4 , a significant peak appeared at 1453 cm 
(C-O), C-C), γ(C-C-C), β(C-H), and β(C-H)
, respectively. Similar to the FTIR spectroscopy, no peak shift was observed in confocal Raman spectroscopy with the increase in the concentration of ILs (data not shown).
Effect of the Polymer and IL Interaction on the Conductivity and Surface Roughness Measurements.
Recently, there has been a keen interest in enhancing the conductivity of polymer. Such enhanced conductivity can be achieved by adding secondary dopants or additives such as diethylene glycol, 2-nitroethanol, glycerol, dimethyl sulfoxide, and tetrahydrofuran [36, 37] . However, this method has many drawbacks. Therefore, we attempted to enhance the conductivity of polymer by utilizing ILs. Our experimental results mentioned above clearly indicate good interaction between the polymer and ILs, suggesting a significant possibility of enhancing the conductivity of polymer by utilizing ILs. The experimental conductivity data listed in Table 1 demonstrate that the polymer has a very good conductivity (I 2 doped) of ≈4.0 ± 0.9 × 10 −2 S cm −1 at 20°C. The addition of ILs was found to increase or decrease the conductivity depending upon the IL properties. 4 International Journal of Polymer Science
The conductivity of ammonium ILs + polymer (I 2 doped) measured is as follows: polymer + TMEAS is 1.6 ± 0.8 × 10 −1 S cm −1 and polymer + TBMS is 1.2 ± 0.7 × 10 −1 S cm −1 at 1 wt%, but with increasing content of the ILs to 5 wt%, the conductivity decreases to 1.3 ± 0.7 × 10 −1 and 7.2 ± 0.2 × 10 −2 S cm −1 for polymer + TMEAS and polymer + TBMS, respectively, as listed in Table 1 5 International Journal of Polymer Science network using the polymer domains [38] , resulting in increasing the conductivity of polymer + ILs. Timoshevskii et al. concluded that the presence of a small roughness in the structures drastically reduces the electrical conductivity [39] . Hence, the presence of imidazolium and ammonium ILs in low concentration helps in the development of smooth surface of film that results in the increase of conductivity. The new synthesized polymer HHMPT has good solubility in chloroform along with high conductivity of 4.0 ± 0.9 × 10 −2 S cm −1 at 20°C. Moreover, the presence of electron-rich thiophene with electron-deficient thiazole, in our newly synthesized polymer, opens the door for the application in solar cells, OLED, transistors, and sensors. However, we have not studied these possible applications of our polymer, but based on the literature, the polymers with electron-donating heterocycles and an electron-accepting building block are capable materials for photovoltaic applications [40, 41] . Moreover, after the combination of polymer with ILs, we are excepting high possibilities of this material for application in photovoltaics.
Conclusions
A new conducting polymer was synthesized, and its physical properties were studied with or without ILs. In addition, the conductivity and interaction level between the polymer and ILs were found to be dependent on the ILs. The polymer with [Bmim]Br IL exhibited the least roughness and higher conductivity even at higher IL concentrations, probably because of strong interactions with the polymer, while the conductivity of polymer decreases with increase in concentration of TBMS IL. This study shows new possible interactions of polymer and ILs and also opens new possibilities in different fields.
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